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Joseph Shalhoub, BSc, MBBS, MRCS, and Alun H. Davies, MA, DM, FRCS, London, United Kingdom
Background: Approximately 20% of strokes are attributable to carotid stenosis. However, the number of asymptomatic
patients needed to prevent one stroke or death with endarterectomy is high at 17 to 32. There is a clear need to identify
asymptomatic individuals at high risk of developing future ischemic events to improve the cost-effectiveness of surgery.
Our aim was to examine the evidence for subclinical microembolization and silent brain infarction in the prediction of
stroke in asymptomatic carotid stenosis using transcranial Doppler (TCD), computed tomography (CT), and magnetic
resonance imaging (MRI).
Methods: The review was conducted according to the preferred reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines. Articles regarding humans between 1966 and 2010 were identified through systematic searches of
Pubmed, MEDLINE, and EMBASE electronic databases using a predetermined search algorithm.
Results: Fifty-eight full text articles met the inclusion criteria. A median of 28% of microemboli positive patients
experienced a stroke or transient ischemic attack during follow-up compared with 2% of microemboli negative patients
(P  .001). The same was true for the end point of stroke alone with a median of 10% of microemboli positive
patients experiencing a stroke vs 1% of microemboli negative patients (P  .004). A specific pattern of silent CT
infarctions was related to future stroke risk (odds ratio [OR]  4.6; confidence interval [CI]  3.0-7.2; P < .0001).
There are no prospective MRI studies linking silent infarction and stroke risk.
Conclusions: There is level 1 evidence for the use of TCD to detect microembolization as a risk stratification tool.
However, this technique requires further investigation as a stroke prevention tool and would be complemented by
improvements in carotid plaque imaging. (J Vasc Surg 2011;54:227-36.)
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sApproximately 20% of strokes are attributable to ca-
rotid atherosclerosis,1 and in moderate to severe symptom-
atic carotid stenosis carotid endarterectomy (CEA) has
level 1 evidence for stroke prevention.2-7 Similar level 1
evidence exists from two large randomized controlled trials
for endarterectomy in asymptomatic patients8-10 and a
recent review by the Cochrane group.11 The management
of asymptomatic carotid stenosis in the general population,
however, remains controversial as the ipsilateral stroke risk
is lower, particularly after improvements in medical ther-
apy,12 translating into a number needed to treat of 17 to 32
with surgery to prevent one stroke or death.8,10,13 Thus,
while acknowledging the benefit of CEA, the recent
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doi:10.1016/j.jvs.2011.01.037ochrane review highlighted the need for improved selec-
ion of asymptomatic patients for carotid endarterectomy
o improve the cost-effectiveness of surgery.11
Improving the odds: Identifying the vulnerable
laque. Risk stratification for carotid stenosis has tradi-
ionally been based on angiographic and duplex examina-
ion of luminal stenosis.3,4,14,15 New modalities under
nvestigation for the identification of the vulnerable carotid
laque include functional imaging of the plaque using posi-
ron emission tomography (PET) with computed tomogra-
hy (CT), magnetic resonance imaging (MRI), ultrasonic
laque texture analysis,16 contrast enhanced ultrasound
CEUS) techniques,17,18 detection of microembolism in the
iddle cerebral artery using transcranial Doppler (TCD), and
nalysis of plasma biomarkers.19
Thromboembolization is regarded as the mechanism of
schemic stroke in patients with carotid atherosclerosis20-22
nd detection of subclinical embolization or infarction may
rove useful in identifying asymptomatic patients at high risk
f future stroke. The objective of this reviewwas to outline the
urrent evidence for risk stratification in asymptomatic carotid
tenosis based on detection of silent cerebral ischemic events.
Microembolism. Since its use for detecting cerebral
icroemboli in patients during carotid endarterectomy,23
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investigated.24-28 TCD involves insonation of the middle
cerebral artery through an acoustic window in the temporal
bone on the side of interest. Based on recent studies, 1 hour
is the minimal recording time considered acceptable.29
Detection of microemboli using TCD is based on measure-
ment of backscatter and these signals are traditionally called
high intensity transient signals (HITS). HITS are heard as
audible “chirps” which can be evaluated in real time and
recorded and analyzed at a later stage by investigators who
are blinded to clinical information. The operator cost per
examination at our institution is $60. Detection of HITS is
influenced by settings used for the technical parameters of
the TCD machine,30 the length,31-34 and number33 of
recordings, as well as the predetermined signal identifica-
tion criteria.35 Since 1998, consensus TCD settings have
been used for harmonization.30
Transient ischemic attack (TIA) is considered a risk factor
for future stroke36 and by analogy, it was hypothesized that
the incidence of microemboli may be a precursor to clinical
stroke. A post-mortem study has demonstrated thatHITS are
only detectable in the presence of an embolic source.37 This
together with the finding that HITS are undetectable days
after endarterectomy,38-40 and are absent in controls without
carotid stenosis41-43 suggests a relationship between athero-
sclerotic plaque and microemboli.
HITS are more prevalent34,40,43-55 and fre-
quent40,44,49,51,53 in symptomatic carotid stenosis com-
pared with asymptomatic stenosis. Furthermore, there ex-
Fig 1. Preferred reporting items for systematic review
endarterectomy; MRI, magnetic resonance imaging; TCists a significant inverse relationship between frequency of iITS and time since symptoms.40,44,48-51 The fact that
ITS frequency rises with increasing stenosis42,50,51,56,57
nd an increased prevalence of HITS is associated with
laque ulceration40,43,50 strengthens the association be-
ween HITS and plaque vulnerability.
Silent cerebral infarction. Studies have shown that
he prevalence of silent cerebral infarction (SCI) is approx-
meta-analyses (PRISMA) flow chart. CEA, Carotid
nscranial Doppler.
able I. Search strategy
Pubmed, MEDLINE, and EMBASE databases were systematically
searched using the following strategy:
(1) Carotid
(2) Silent OR occult OR covert Or subclinical OR sub-clinical
OR sub clinical OR asymptomatic
(3) Brain infarct* OR cerebral infarct* OR stroke OR
ischaemi* OR ischemi* OR emboli* OR microemboli* OR
TIA* OR lacun*
(4) 2 AND 3
(5) 1 AND 4
(6) MRI OR MR OR magnetic resonance OR CT OR
comput* tomography OR PET OR positron emission
tomography OR positron-emission tomography
(7) TCD OR transcranial Doppler OR tran-cranial Doppler OR
trans cranial Doppler
(8) Autopsy OR post-mortem OR post mortem OR post-
mortem
(9) 6 OR 7 OR 8
10) 5 AND 9
T, Computed tomography; MRI, magnetic resonance imaging; PET,
ositron emission tomography; TCD, transcranial Doppler; TIA, transient
schemic attack.s andmately 20% in the healthy elderly population but up to 50%
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Volume 54, Number 1 Jayasooriya et al 229in patients with carotid stenosis or atrial fibrillation. These
patients are at greater risk of future ischemic events.58
SCIs are common on CT scans in stroke populations59
and have been detected in patients with asymptomatic
carotid stenosis.60 As prevalence of ipsilateral silent infarcts
is higher in patients with evidence of macroscopic carotid
plaque ulceration, it is suggested that these infarcts may be
the result of historic plaque rupture.61
The relationship between SCIs on CT and degree of
asymptomatic carotid stenosis, however, is unclear with one
study supporting a relationship60 while others have found
no relationship.62-65
Interest in correlating a specific type of CT lesion with
SCI secondary to carotid atherosclerosis led to classifying
CT infarcts into subcategories.52,64-66 This has resulted in
the finding that hemispheres demonstrating pattern A CT
Table II. Transcranial Doppler emboli detection studies in
Study Year
Total in study (N) H
Symptomatics Asymptomatics Sympto
1 Grosset91 1993 20 — 10
2 Siebler44 1994 33 56 8
3 Markus41 1994 25 — 2
4 Babikian45 1994 43 35 2
5 b Georgiadis39 1994 50 6 —
6 Muller90 1995 24 24 1
7 a Siebler74 1995 — 64 —
8 Eicke92 1995 35 41 3
9 Sitzer46 1995 28 12 8
10 van Zuilen93 1995 36 — 6
11 Markus47 1995 38 28 2
12 Daffertshofer94 1996 80 22 1
13 Ries48 1996 56 46 2
14 Siebler95 1996 61 68 8
15 Orlandi38 1997 43 42 3
16 b Georgiadis49 1997 46 54 5
17 DelSette96 1997 17 — 2
18 Valton97 1997 30 — 3
19 Sliwka98 1997 34 — 6
20 Molloy34 1998 20 20 3
21 Orlandi43 1999 12 35 2
22 Molloy50 1999 69 42 4
23 Droste51 1999 64 41 3
24 Vassileva55 2000 15 23 4
25 b Tegos66 2001 26 54 6
26 Stork53 2002 71 38 3
27 Orlandi75 2002 — 84 —
28 Hutchinson99 2002 25 — 5
29 Mackinnon32 2004 12 — 9
30 Markus27 2005 200 — 4
31 Mackinnon33 2005 12 15 7
32 a Spence76 2005 — 319 —
33 Abbott73 2005 — 231 —
34 Ritter56 2008 16 30 4
35 Telman28 2009 90 130 4
36 Zhang57 2009 — 62 —
37 ACES29 2010 — 467 —
HITS, High intensity transient signals.
a2 HITs considered positive.
bonly median HITS/h quoted.infarcts67 are more likely to be consequences of emboliza- Pion from carotid stenosis.52,64-66 Pattern A infarcts have
een defined as cortical or subcortical infarctions in or
djacent to the anterior or middle cerebral artery territory
r basal ganglia/thalamic infarctions.65,67
Silent infarctions are also commonly found on MRI
cans of healthy adult populations68,69 and appear to cor-
elate with an increased risk of future stroke in natural
istory studies.70,71 It has been suggested that MRI is a
ore sensitive tool for detection of cerebral infarction.58
ETHODS
The review was conducted according to the preferred
eporting items for systematic reviews and meta-analyses
PRISMA) guidelines.72
Search strategy and selection criteria. Relevant pa-
ers were identified through systematic searches of
ptomatic and asymptomatic carotid stenosis
revalence (%) HITS frequency/h
Length of
recordingcs Asymptomatics Symptomatics Asymptomatics
— 8.2 — 30 min
16.1 14 0.35 1 h
— 6.51 — 20 min
2.9 30 min
— 15 4 30 min
4.2 3 0.5 10 min
14.1 1 h
2.4 45 min
16.7 10.5 1.5 1 h  2
— 6 — 1 h
3.6 8.5 0.125 20 min
4.5 30-60 min
4.3 30 min
16 10.4 0.67 60 min
30.9 3.9 5.4 1 h
7 14 3 30 min
— 30 min
— 20 min
— 30 min
15 7.1 3.6 1 h(3  1 h)
14.3 7 2 1 h
28.6 1 h
10 3.1 0.3 1 h
8.7 30 min
37 3 0 30 min
13 Significant difference but
no data available
30 min
10.7 1 h
— 1 h  6
— 2.75 — 5 h
— 1 h
26.7 0.94 0.13 8 h  2
10 1 h  2
12 — 0.16 1 h
27 1 h
30.8 2 1.2 30 min
16.1 — 1.2 60 min
16.5 — 2.43 1 h  2sym
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July 2011230 Jayasooriya et al2010), and EMBASE (1974 to May 2010) electronic da-
tabases. The applied limits were English language and
human studies. Title and abstract screening by two review-
ers (GJ, AT) allowed selection of suitable articles for inclu-
sion. A reference list hand search was also performed to
identify further studies to be considered for inclusion. Fig 1
and Table I demonstrate the search strategy employed.
All studies that utilized TCD, CT, or MRI for the
detection of silent cerebral ischemia in patients with asymp-
tomatic carotid stenosis were included. Studies evaluating
silent cerebral ischemia secondary to non-carotid athero-
sclerotic disease were excluded. Data from cross-sectional,
observational studies, existing reviews and meta-analyses
were used. No randomized controlled trials existed in the
Fig 2. A, Graph demonstrating prevalence of transcran
(HITS) in symptomatic and asymptomatic carotid ste
symptomatic and asymptomatic carotid stenosis.
Table III. High intensity transient signals (HITS)
prevalence by degree of stenosis in asymptomatic patients
(70% vs 70% stenosis)
Study Year
Degree of stenosis
70% 70%
1 Seibler44 1994 — 16.1
2 Siebler74 1995 — 12.5
3 Sitzer46 1995 — 16.7
4 Markus47 1995 0 6.25
5 Daffertshofer94 1996 0 8.3
6 Siebler95 1996 — 16
7 Orlandi38 1997 16.7 41.7
8 Georgiadis49 1997 3.3 7.5
9 Orlandi42,43 1999 14.3 —
10 Molloy50 1999 11.1 33.3
11 Droste51 1999 0 14
12 Vassileva55 2000 2 9
13 Orlandi75 2002 — 28.6
14 Ritter56 2008 0 29.6
15 Zhang57 2009 7 36.8
16 ACES29 2010 — 16.5literature and case reports were excluded. TData extraction and analysis. A total of 58 articles
rovided data for this review (one full text article provided
ata on both TCD and CT in asymptomatic emboli and
nfarct detection). Statistical analysis was carried out using
rism Version 5.03 (GraphPad Software for Windows, San
iego, Calif). Data were checked for normality, two-tailed
ests were used, and significance was taken as P  .05.
Transcranial Doppler studies. Data were analyzed
rom 40 articles. Data for prevalence and frequency of
ITS, degree of stenosis, and subsequent ischemic events
ere extracted.
Computed tomography studies. Eleven full text ar-
icles were analyzed and data were extracted for prevalence
f silent CT infarcts and subsequent ischemic events during
ollow-up.
Magnetic resonance imaging studies. Eight full text
rticles were analyzed. Data were extracted for the preva-
ence of silent cerebral infarcts and plaque characteristics.
ESULTS
CD studies
Prevalence of HITS. Prevalence of HITS. The pro-
ortion of subjects positive for HITS in asymptomatic
atients was significantly higher than symptomatics (14%,
nterquartile range [IQR] 7% to 27% asymptomatics vs
3%, IQR 29% to 62% symptomatics [P .0001]). Table II
utlines the prevalence of HITS in studies since 1990 and
ig 2, A compares HITS prevalence in asymptomatic and
ymptomatic populations.
Frequency of HITS. Asymptomatic patients had sig-
ificantly fewerHITS per hour in comparison to symptomatic
atients (median 1.2HITS/h; IQR 0.3-2.2 andmedian
6.3HITS/h; IQR 3.0-8.4, respectively,P .0001) (Fig
, B). Table II shows studies since 1990 that report the
requency of HITS or the data required for its calculation.
oppler (TCD) detected high intensity transient signals
. B, Frequency of TCD-detected HITS per hour inial D
nosishree studies reported only median number of HITS per
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Volume 54, Number 1 Jayasooriya et al 231hour and these were therefore excluded from this analysis that
compared only mean HITS. The data for these three studies
are also given in Table II.
HITS prevalence and degree of stenosis. Twenty-
four studies reporting prevalence of HITS and degree of
stenosis were identified and of these 16 studies specifically
reported HITS prevalence in 70% and 70% asymptom-
atic stenosis (Table III). Fig 3, A demonstrates how prev-
alence of HITS varies with degree of stenosis. Due to
heterogeneity in stenosis range reported it was not possible
to perform a regression analysis on this data.
However, there was a significant difference between the
prevalence of HITS in asymptomatic patients with 70%
compared with those with 70% stenosis (median  3%;
IQR 0-12 andmedian 16%; IQR 9-30, respectively,
P  .003) (Fig 3, B).
Predictive value of HITS and subsequent ipsilateral
ischemic event. Seven studies prospectively reported data
on rates of ipsilateral ischemic stroke orTIAduring a period of
follow-up in patients who were asymptomatic at baseline. Six
of these also provided data on risk of stroke alone (Table
IV).29,50,57,73-76 The mean follow-up varied from 9 to 34
Fig 3. A, Prevalence of transcranial Doppler (TCD)
degrees of asymptomatic carotid stenosis. B, Prevalence
Table IV. Combined TIA/stroke and stroke alone risk in
Study Year n Stenosis Follow-up n
1 a Siebler74 1995 64 70%-90% 72 wk 8
2 Molloy50 1999 42 60% 37 wk 12
3 Orlandi75 2002 21 70% 2 y 6
4 Abbott73 2005 231 60%-99% 34 mo 60
5 Spence76 2005 319 60% 1 y 32
6 Zhang57 2009 62 50%-99% 1 y 10
7 ACES29 2010 467 70% 2 y 77
HITS, High intensity transient signals; TIA, transient ischemic attack.
a2 HITS  considered emboli positive.months. The percentage of patients experiencing a stroke or 3IA during follow-up was higher in those positive for HITS
ompared with those negative for HITS (median  28% vs
%; P .001) (Fig 4,A). The samewas true for the end point
f stroke alone (median 10% vs 1%; P .004) (Fig 4, B).
omputed tomography studies
Prevalence of silent CT infarcts. Eleven studies (Ta-
le V)60-66,77,78 provided data on the proportion of pa-
ients with asymptomatic carotid stenosis positive for ipsi-
ateral SCIs on CT scan (median  22%; IQR  8%-33%).
ne study reported combined ipsilateral and contralateral
nfarction and was therefore excluded.76 Four studies re-
orted the prevalence of nonlacunar discreet subcortical
nd cortical (pattern A) infarcts in asymptomatic popula-
ions (median  13%; IQR  11%-17%) (Fig 5).63-66
Predictive value of SCI and subsequent ipsilateral
troke. Two studies reported the association between pat-
ern A silent infarcts and future ipsilateral stroke.65,66 The
ean follow-up periods were similar (mean  3.1 and 3.7
ears, respectively). The odds of future stroke increased signif-
cantly in the presence of a pattern A infarct (OR 4.6; CI
ted high intensity transient signals (HITS) in varying
TS in 70% and 70% asymptomatic stenosis.
ptomatic carotid stenosis
HITS positive HITS negative
TIA/stroke Stroke alone n TIA/stroke
Stroke
alone
3 37.5% 1 12.5% 56 2 3.6% 2 3.6%
2 16.7% 1 8.3% 30 0 0% 0 0%
5 83.3% 3 50% 15 0 0% 0 0%
6 10.0% 2 3.3% 171 12 7.0% 4 2.3%
9 28.1% 5 15.6% 287 7 2.4% 3 1.0%
3 30.0% — — 52 1 1.9% — —
0 13.0% 5 7.5% 390 22 5.6% 5 1.3%detecasym
1.0-7.2; P  .0001). This effect was only observed in those
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incidence of new silent infarction with CT over time.
Magnetic resonance imaging studies
Carotid stenosis and silent MRI infarcts. Eight
studies demonstrated an association between asymptomatic
carotid stenosis and SCIs on MRI80-87 and one study
reports the prevalence of SCIs as 38% in this population.80
Two studies reported that patients with 50% carotid
stenosis had a significantly higher prevalence of SCI’s,80,87
with a further study supporting a relationship between
prevalence of SCIs and increasing carotid stenosis.82
Plaque characteristics and silent MRI infarcts. One
study demonstrated that in asymptomatic patients with
evidence of plaque ulceration, the prevalence of SCI was
significantly higher in comparison to those without
Fig 4. A, Combined stroke and transient ischemic atta
and negative subjects with asymptomatic carotid stenosis
with asymptomatic carotid stenosis. HITS, High intensit
Table V. Prevalence of silent computed tomography (CT)
Study Year n Degree of
1 Zukowski61 1984 13 
2 Graber100 1984 119 Not specifie
3 Englund78 1985 13 50 and 
4 Ricotta77 1985 24 Not specifie
5 Norris60 1992 115 35-50, 50-7
6 Brott62 1994 848 
7 Robless79 1998 1142 Not specifie
8 Cao63 1999 301 60
9 Sabetai64 2001 273 
10 Tegos66 2001 59 
11 Kakkos65 2009 821 
Pattern A infarcts  nonlacunar discreet subcortical and cortical infarcts.ulceration.80 tISCUSSION
Microembolism. The findings of this review are sup-
orted by the recently completed Asymptomatic Carotid
mboli Study (ACES) and subsequent meta-analysis.29
his meta-analysis suggested a hazard ratio of 7 for ipsilat-
ral stroke for those who were microemboli positive on
CD. Importantly ACES demonstrated above a 70%
hreshold there was no relationship between stenosis and
resence of microemboli.88
Some interesting issues arise from the finding that
icroemboli predict clinical stroke. First, neither the com-
osition of the embolic particle nor its origin is known. If
he particle is thrombotic in nature and originates from the
arotid, it would suggest that there was active plaque
upture. However, clinical events are not observed imme-
iately in practice. Why this time delay? Second, it is known
IA) risk in transcranial Doppler (TCD) emboli positive
troke risk in TCD emboli positive and negative subjects
sient signals.
rcts in asymptomatic carotid stenosis
is (%)
Prevalence (%)
All infarcts Pattern A Non-pattern A
7.7 — —
22 — —
0 — —
21 — —
d 75 19 — —
8.4 — —
19 — —
34 20 14
33 22 11
39 27 12
32 14 18ck (T
. B, Sinfa
stenos
50
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postoperatively is significantly associated with stroke.26
These findings suggest an accumulation of microembolic
events is required before a clinical event ensues. Third,
whether to plan follow-up TCD. ACES demonstrated a
similar hazard ratio over 6 months and over 2 years if
embolic signals were present. As TCD is labor-intensive, it
is unlikely that repetition before 2 years will be cost-effective.
Factors that may preclude the uptake of TCD as a
screening tool include its time-consuming nature due to a
lack of a reliable automated emboli detection system, lack
of acoustic window in a small proportion (10%) of subjects,
sampling error, poor signal in those with severe bilateral
stenosis and lack of carotid specificity. However, despite
these drawbacks TCD is a relatively inexpensive, portable,
noninvasive bedside imaging modality, which allows for
repeated measurements that can be analyzed in real time or
recorded for analysis at a later point in time. It has been
proven to be useful in predicting which patients are likely to
go on to develop stroke or TIA.
TCD may be used as a method of identifying and
monitoring a subgroup of asymptomatic patients who are
prone to develop symptoms, and are therefore most likely
to benefit from surgical intervention. This will help reduce
the number needed to treat and improve the cost-
effectiveness of treatment. To explore this possibility fur-
ther and prior to routine clinical implementation of TCD,
studies are required to investigate the effect of prophylactic
surgical intervention on stroke or TIA rates in those pa-
tients that are positive for HITS.
Based on data from the recent ACES study, approxi-
mately eight asymptomatic HITS positive patients would
require intervention to prevent ipsilateral stroke or TIA in
one individual over the following 2 years. In comparison if
all asymptomatic patients were operated on despite HITS
Fig 5. Prevalence of silent cerebral infarctions (SCIs) on com-
puted tomography (CT) scans in subjects with asymptomatic ca-
rotid stenosis. The prevalence of pattern A (nonlacunar discreet
subcortical and cortical) infarcts is also demonstrated.status, approximately 15 patients would require interven- cion to prevent ipsilateral stroke or TIA in an individual
ver the same time period. It is therefore clear that by using
CD to select patients for intervention the number needed
o treat an individual is almost halved.
Silent cerebral infarction. SCIs are reported in the
psilateral cerebral hemisphere in patients with asymptom-
tic carotid stenosis, with a prevalence ranging from 0% to
9%60-66,77-79 using both contrast enhanced78 and unen-
anced CT.52,61,62,65,66 Existing studies come to differing
onclusions on the relationship between degree of stenosis
nd SCIs in asymptomatic patients.60,62-65 However, the
ost recent of these studies65 reported the annual ipsilat-
ral stroke rate was nearly doubled in patients with 60%
symptomatic stenosis positive for pattern A SCIs. Why
atients with a silent infarct and a carotid stenosis 60%
ere not at high risk is unclear.
A study demonstrating an association between hy-
oechoic plaques and nonlacunar silent infarcts provides
imited evidence in support of the relationship between
attern A infarcts and the vulnerable carotid plaque.64
urthermore, hemispheres with pattern A CT infarcts have
higher prevalence and frequency of emboli on TCD
ompared to other patterns.52 In agreement with this, two
tudies from the same group65,66 demonstrate a relation-
hip between pattern A infarcts and increased risk of future
psilateral stroke or TIA.
The development of MRI techniques has led to a rapid,
eliable and nonirradiating method of detecting small acute
schemic lesions of the brain that are likely to be missed by
T.58,90 Yet, there is no convincing evidence for a signifi-
ant association between asymptomatic carotid stenosis and
psilateral silent infarction on MRI, because SCIs are
qually common in the contralateral hemisphere. Existing
opulation-based MRI studies81,83 evaluate a variety of
nfarcts (including lacunar and basal ganglia infarcts) which
o not all fall within the pattern A type conceived to be
onsequential of carotid stenosis. Hence, no firm conclu-
ion can be drawn at this point from the available data.
The putative advantages of brain imaging to risk stratify
nclude speed of imaging, improved reliability, and with CT
ear universal applicability. However, ionizing radiation
CT), capacity, and the need to repeat the examinationmay
reclude use as a risk assessment tool.
Limitations. There was heterogeneity in the defini-
ion of HITS between studies. There was heterogeneity in
he degree of carotid stenosis between studies. In the
nalysis of TCD HITS, per hour 5/18 studies were moni-
ored for 30 minutes or less and the HITS were multiplied
o provide the number per hour reported in the studies.
ONCLUSION
TCD has level 1 evidence for stroke prediction in a
reviously asymptomatic population and is safe and accept-
ble. It would be complemented by improvements in ca-
otid plaque imaging, to confirm the carotid plaque as the
esion giving rise to the microembolic particles. In the
uture a cohort study using transcranial Doppler and plaque
haracteristics for patients on modern medical therapy is a
JOURNAL OF VASCULAR SURGERY
July 2011234 Jayasooriya et allogical way to refine surgical selection criteria in asymptom-
atic disease.
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